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Two-bunch Operation at SwissFEL
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User Expectations:

O Athos beam development and test will be
performed in parallel with the Aramis user
operation.

O We should be able to adjust the RF amplitude
and phase for the second bunch without
affecting the first one.

. Scenario 1: Setup the second bunch for
transmission — equalize the RF fields for both
bunches.

. Scenario 2: Fine tune the second bunch to
satisfy the bunch parameter requirements.
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RF Field Difference for two Bunches: Gun
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= Around current working point of the Gun, the amplitude and phase differences
for the two bunches are about 0.8 % and 0.4 degree, respectively.
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RF Field Difference for two Bunches: C-band
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Around current working point of the C-band stations, the amplitude and phase
differences for the two bunches are about 2 % and 1.2 degree, respectively.

Delay the RF pulse by 3~4 DAC clock cycles (12~16 ns), the two bunches will

see the same accelerating voltage.
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BS Requirements to two-bunch LLRF Tools

Functions of LLRF tools:

Q

Qg

With existing interfaces (RSYS:SET-ACC-VOLT and RSYS:SET-BEAM-PHASE), the amplitude
and phase changes will be applied to the entire RF pulse and affect both bunches.

A knob will be provided to tune the amplitude and phase seen by the second bunch
without affecting the first one. But it is not possible to tell how much amplitude and
phase for the second bunch has been tuned from the RF measurements.

Consequence: The beam diagnostics for the second bunch should be always
referred when tuning the RF knob for the second bunch!

Procedures for two-bunch setup and regulation:

Q

Q

Setup Gun RF field for two bunches with the same (or with specified offset) bunch
energy and arrival time at Gun exit (and/or minimum energy spread).

Setup injector/Linacl RF station fields for two bunches with the same (or with
specified offset) bunch energy, arrival time and compression at BC1/BC2 exit.
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LLRF Knobs for two-bunch Tuning



“(-[-1)~ Knobs affecting both Bunches

O Iterative learning control. Flatten the amplitude and phase within the RF pulse. Due
to the limited tuning range for the second bunch, flattening the pulse is necessary to
roughly equalize the amplitude and phase for both bunches.

= Injector stations (S-band and X-band): flatten both amplitude and phase;
=  (C-band stations in Linacl: flatten the phase (optional).

E RTBO_ILC.ui (on sf-lc6a-64-02) -0 x
Injector | Linac 1 LLRF Two-bunch Operation - ILC
~Parameter Settings r : P imi i
DAC Refs Table: DACC 1 Table RF D Chain Signal ~Limits Settings
RF Signal for ILC: [Klystron Out v] EleeeifatkS e rve P < L
= 1 6000 o Amplt Err Up Limit:
30000 .
RF ILC Region Start (us): |3,700 A, ALos . [0.00100
2 20000 T 2000 o3 —
RF ILC Region End (us): |4‘740 g e 4 Haa Phase Err Up Limit (deg):
© 10000 0. g
RF Delay wrt DAC (us): [0.480 s, m\‘ = jggg <01 [0:010
Pilat il e o Min DAC Amplt (raw):
. T T T T T MP U U T UV U UUU U] |g
Iteration Mum: |5 |50 3 as 4 45 5 3 35 4 45 5 E'I:f Lt‘lﬁl_ 3 35 4 45 5 55 6 65
. Time (us) Time (us) Time {us Min RF Amplt (raw):
(L el |0‘500 |CL100 RF Sig Amplt WF Amplitude Error O Phase Error 0 |o
0.006 3 . -
%] Auto SP Gen [%| Enable Amp ILC (or only phase] i;ggz | —— =N DAC Correction Up Limit:
005 Tas
SP Ramp Time Constant (s): |0,000e+ (i[s] %‘10000 ( éo.ooa % 2 |5000
= ﬁggg o003 E1s DAC Corr Step Up Limit:
Ramp End Time (us) g 4000 E 0.002 2 1 |200
3.700 us ID ooo 4.740 us 2000 0.001 g 05
0 a a ~Advanced Control
| 0 R I A R B I A T I A T T T T 1 T 1 UL )
ifo a2 aa 4 42 a4 4.6 43 0 6 12 18 24 30 a € 12 18 24 30 loop wish real
L —— Time (us) Iteration lteration
al —= - Amplt on | off O D
5// RSk Phse I:' Active [] Debug Iteration: 24
i i I AMPLT SET POINT = | Phase on | off O D
Amplt Ratio: ID_DDD 5 J [%] Enable Setting DAC Corr Tables
ﬁ-ﬁo o J Status 2019-09-14,22:40:27
PHASE SET PO i o StartILC | | DAC Out Available Phase feedback loop closet
ID.DDD £ -70 | ] RF Signal Available 20 19-0.‘3.-1-1.22:4&2 7
pl a5 Sto Phase FB already on. Nothi
= P |l DAC Corr Limited i T
- essa
o 0.000 I R A B B B R B R I | .l DAC Corr Step Limited geLog]Cabew]
T 2.8 4 42 44 48 48 Undo Reset % Enable DAC Table Steps
ase Offset (deg): |D.DDD Time (us) Moo A
pdate el lables
2019-09-04,23:33:39 Calculation is stopped by user
SINSBO3
SINEGO1 | SINSBOL | SINSBO2 | SINSBO3 | SINSBO4 | SINXBO1




“(=7)~ Knobs affecting both Bunches (cont.)

O Delay adjustment for C-band. After flattening the phase of C-band pulse,
the delay of the pulse should be adjusted to roughly equalize the energy gain
of both bunches.

3
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0 1 e —— . .
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Bs Knobs tuning the second Bunch

The knobs to fine tune the second bunch after the first bunch is optimized:
O  Amplitude and phase step in RF pulse. The schematic.

28 ns This part of pulse can be used
& to tune the second bunch!
. We can generate a step here
Bunch 1 for both amplitude and phase.
-~ acceleration |
. Bunch?2 Vector
" acceleration generated by

the 28-ns step

] RF pulse . ﬁ

Common
vector for
both bunches
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3 Anmplitude step effects in SINSB03 (phase step was always off)
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Knobs tuning the second Bunch (cont.)

Amplitude and phase step in RF pulse. Amplitude and phase step example.

Anmplitude step effects in SINSB03 (phase step was always off)
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BS Knobs tuning the second Bunch (cont.)

0  Amplitude and phase step in RF pulse. Tuning range.

Tuning range for step ratio 0 ~ 1.2 and step phase -30 ~ 30 degree:

= Gun: -2.5% ~ 1.5%
= S-pand: -1.0% ~ 0.5%
= C-band: -10% ~ -5%

= X-band: -25% ~ 5%

Numbers from simulation with cavity model.

+0.9 degree
+0.4 degree
+0.6 degree
+7.6 degree
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RF Setup for second Bunch Transmission
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Lrﬁ Overview of RF Setup for Bunch2 Transmission

BOC output amplitude
Acc voltage

Before optimizing the bunchl to lase in Aramis, the following

settings should be performed in advance affecting both bunches: Acc voltage 28ns shifted | ¢
2 L
1. Flatten the RF pulse (S-band and X-band) with ILC; g
2. Optimize the delay of C-band stations to equalize the energy gain of E 1.5¢
both bunches; =l
3. Identify the DAC step time so that the RF pulse step affects only E
bunch2. 05f
When initially switching on bunch?2, it should be transmitted 0
without loss with all settings optimized for bunchl including the Time [1s]
bunch compressors:
4. The RF pulse steps should be predetermined before the bunch2 is
2.1

available, so that bunch2 sees roughly the same RF field as bunchl. ' ' ' T
= Use bunchl to do the initial setup by shifting the RF pulse
timing.
Procedure to predetermine the RF pulse steps without bunch2:

4.1 Remember the beam diagnostic results of bunchl (e.g. bunch arrival
time at laser heater, beam energy/compression at BC1/BC2). Acc voltage (zoom)
Acc voltage 28ns shifted (zoom)

4.2  Shift the RF pulse timing earlier by 28 ns (with £4 ns error), so that — — —Bunch1 inj. time
bunchl feels the RF field supposed for bunch2 acceleration. 39 392 394 396 398 4

4.3  Tune the RF pulse steps to restore the bunchl diagnostic results. Time [ps]
This tunes the RF field supposed for bunch2 the same as for bunchl.

4.4  Restore the RF pulse timing. Switch on bunch2 and tune the bunch?2
gun laser delay to achieve best transmission.

Amplitude [arb]
©
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“=15)~ 2. C-band Delay Adjustment

Linac 1 (S10CB01-06) l Linac 1 (510CB07-09) ] LLRF Two-bunch Operation - Linac 1 C-band Delay
Parameters
Sal RF Station: _ S10CB01 S10CB02 S10CB03
2 2 2 5
Delay Scan Range (us):|0.070 153 15 3 153
13 13 13
EO.E 3 EO.E 3 EO.E 3
E ° ; * a E 0 ; P i .y E ° ; e PR A
_ & 05 ; ol B L & 05 ; e Lo oy v, & 05 ; ke L i
Scan Delay | 13 o LG x R
T 15 15 3 15 3
Stop SCBI"II"III"IQI 243 23 243
A T A man e R e A T AR ma e A T T ARERa TS
_ _ 0.36 0.38 04 042 044 046 048 05 052 04 042 044 046 048 05 052 054 056 046 048 05 052 054 056 058 06 062
== I == I Fine Delay [us] Fine Delay [us] Fine Delay [us]
Raw Delay (SPP): [N Raw Delay (SPP): EEETRINNNN Raw Delay (SPP): RN
Fine Delay (us): [ENNENENNN Fine Delay (us): EETEENNNN Fine Delay (us): ENTSNENNNN
_ S510CEB04 S10CB0S S510CEB06
2 5 2 5 2 -
15 15 3 E
14 13 t
'g 053 E 05 3 'g a
S 03 S 03 s ] A S
E E ] PE L (L L
2 o531 et taate e, % 05 . » &1 eata Mhrnpays
@ L3 R at? Y m N R i "“nn,, oo o
REIIE B I 2 JH---a
15 45 h--5?
2 3 2 3 24
Bunch 1 Location L L I L L B L e M T T T T T L L L L L L e e
BN o 05 052 054 056 058 06 062 0.64 0 002 0.04 006 008 01 012 014 016 0.04 006 008 01 012 014 016 018 0.2
Fine Delay [us] Fine Delay [us] Fine Delay [us]
Raw Delay (SPP): [EEEREENNNN Raw Delay (SPP): [EIETRENNNN Raw Delay (SPP): [N
Fine Delay (us): [EIEEEIENNN Fine Delay (us): ENENEENNNN Fine Delay (us): [ENEEIENNNN

O Scan the delay (resolution 4 ns) of Linacl C-band stations and correlate with the beam energy;

O  Determine the delay of each RF station so that both bunches get the same energy gain (better
slightly larger for bunch2 to provide headroom for step tuning).
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=1 3. DAC Step Time Calibration

RTBO DAC step time.ui{on sf-lc6a-64-01)
SINEGD1-SINSB02 | SINSBO3-SINXBOL | S10CBO1-03 | S10CB04-06 | sioceoj-os | LLRF Two-bunch Operation - DAC Step Time
Parameters
Sel RF Station: | SINSB0O4 - SINSBO3 SINSBO4 SINXBOL
: 132 P 1 06
] . 3 3
Step Time Range (us): IU.15U 14 E tttx‘xttt*x‘t,t*tt‘t PRSI AR 12 E “X‘t“txt“tt‘ ,:“ﬂt' g FEAE 0.4 E
’E‘-l.a r 2 E-u . £ Eo.z E
Scan Progress: E 454 * E 16 £ |
S 18 Ul | T = °7
E— & 240 B asdl« & 023
Scan Step Timel 22 2 04
- * - -
.0 2.4 3 22 dpt 06 -
StopScannlngI T T T T T T T T T T T T T T T T T T T T T T T T T T T
092 094 0% 088 1 102 104 106 108 092 094 0% 098 1 102 104 106 108 06 04 02 0 02 04 OB
) DAC Step Time [us] DAC Step Time [us] DAC Step Time [us]
Generate Step |
DAC Reference Tables (blue: I; red: Q) DAC Reference Tables (blue: I red: Q) DAC Reference Tables (blue: |; red: Q)
Disable Step I s 30000 5 35000
30000 3 25000 30000 3
25000 3 E E
2 o 3 5 20000 3 g 25000 3
2 E 2 15000 2 200m0
sl b o 3 i 3
] E| o E o E|
= 10000 s 3 s E
5000 N ] e
04 N i 5000
5000 3 5000 3 N [
T T T T T T T S R R S SRR S SR S SR
i 2 4 6 8 10 i 2 4 6 8 10 o 2 4 6 8 10
Time [us] Time [us] Time [us]
DAC Step Time (us): A DAC Step Time (us): A DAC Step Time (us): A
P + 0 953' Enable P + 0O 959' Enable P +0.000 %  Enable
Amplt Step Ratio: 40,0008 Step Amplt Step Ratio: 4+ 00004 Step Amplt Step Ratio: 40,0004 Step
Phase Step (deg): 4 0.004 U Phase Step (deg): 4 0.004 U Phase Step (deg): 4 0.004
wish real wish real wish real
Amplt Feedback: OM | OFF| .D Amplt Feedback: ON | OFFl.D Amplt Feedback: ON | OFFl.D
Phase Feadback: ON | ofFF| (@) [] Phase Feedback: oM | oFF| (@) [] Phase Feedback: oM | oFF| (@) []
AC step disabled.
rk for station SINSEO4
1ter o
AC step enabled,
work for station SINSBEO4
enter o
AC step disabled.
rk for station SINSEO4
r -
step enabled,

Shorten the RF pulse in steps with a resolution of DAC clock cycle (4 ns) and correlate with the
beam energy of the first bunch.

This helps to find the DAC step boundary not affecting bunchl but with maximum influence to
bunch2. Usually needs a manual fine tuning to be sure the first bunch is not disturbed by the step.
17



Parameters

LYWL .Y
200

AA A A A

Step Ratio Gain: | 0.0000

Step Phase Gain:|1.0000

lteration Num.: +

LLRF Two-bunch Operation - Setup Gun with LH BAM

(=)~ 4-3Gun Setup with Bunchl by shifting RF Delay

Stored Bunchl Opt. Delay:

Current Fine Delay:

Setting Progress:
||

stat |  stop |

Re-init DAC Step |

Store B1 Opt. Delay |

Set Original Delay |

Set 28ns Earlier Delay |

Step Time (us): _
Amplt Step Ratio: _
Phase Step (deg): _

Enable Step: O
Ratio Lmt (L/H): [0.000 [1.200
Phase Lmt (L/H): [-44.00 [40.000

wish real

Amplt Feedback: o | off |@) []
Phase Feedback: on | off [ []

DAC Reference Tables (blue: I; green: Q)

Probel0 Amplitude Live

Probel0 Phase Live

30000 — 08 120 T
E E i
20000 3 or A 100 ;
P E o 06 = E ol
° 2 Tos [ @ B0 4
3 10000 2 ' = 4
z E T 04 g 60
2 03 Foa { £ 403
= E Ex i ) £ ]
-10000 g a1 , \ 20 _:
-za000 = 0 J o3
I L L S B ) B B B LA L B B B B S B B LI I B L B B B B B
0 2 4 [ 8 10 2 4 [ 8 10 2 4 6 8 10
Time [us] Time [us] Time [us]
Bunch Charge Laser Heater BAM BC1 BPM (Energy)
200 57 08 5 0o T T
180 3 s = v 06 3 02 #"‘"‘-‘. P
— E 0.4 3 - = =
160 3 E = g
g0 g T oo 3 0.4 'lf'"
140 k=4 E ol E E P,
g‘120 3 = 03 /‘ =06 3
= E Z0z3 T ,/
G 100 3 04 3 s m H8 o
a0 063 1
60 3 08 3 123
T T T T T T EE e s Es s e e ]
0 20 40 &0 80 100 120 140 160 20 40 G0 8O 100 120 140 160 20 40 &0 B0 100 120 140 180
lteration No. lteration No. lteration No.
BC1 BCM (Compression) DAC Step Ratio DAC Step Phase
160 5 16 o 5
EIR 3 1]
140 3 1.4 ? &
3 i P, Py 3
120 3 ook 212 2.0 \\
5 100 3 e, 3 815
E E “,
2 E o - £20 NG
a0 3 Fos 3 o 25 N,
E 3 o 30 "‘-‘\
50 0.6 D e ——
a0 3 04 2 -0 3}

L e e e e e e e e e |
a 20 40 a0 &0
Iteration Ma.

100 120 140 160

L I e e e
20 40 &0 80
Iteration MNo.

100 120 140 160

20 40 a0 80 100 120 140 160
Iteration Ma.

After shifting the RF delay earlier by 28 ns, the step phase is optimized iteratively to restore the

laser heater bunchl arrival time. This equalizes the gun RF phase felt by both bunches.

The step ratio is not changed — the two bunches may get slightly different acceleration voltages!

Need improvement!
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b— 4.3 Injector Setup with Bunchl by shifting RF Delay

LLRF Two-bunch Operation - Setup Injector with BC1 Energy & BCM

Parameters

Station Amp-Ste) Pha-Ste, lied B1-Opt.-Dly Cur.-Fine-Di Amp-Step-Lmt (L/H) Pha-Step-Lmt (L/H) Cur.-Amp-Step Cur.-Pha-Step
) ALALAA p-Step P App pt.-Dly y
N Y Y v SINSBO1 [ Enable [ Enable () [EEENNEN [EEEENENN [o-000 [1T100 [-0:000 [0-000 (1.000  J-0.000 deg |
Step Ratio Gain: [0.1000 SINSBOZ [] Enable (¢ Enable () [ ENIEENIEN EEEENENN (o000 [T100 [-0.000 [0.000 (1.000  J-0.000 deg |
SINSED3 (] Enable [ Enable 0.000 1.100 ~44.000 44.000 (0434 [39.534 deg |
Step Phase Gain:[31000 ) ® (@R 0501 us Jo.501us i I I I
SINSB04 [ Enable ¢ Enable () | ENENNEN ENEENEEN [0.000 [1100 [-44-000 [44°000 (0434 [39.534 deg |
SINXB01 [] Enable [ Enable () |EECEENEEN [ENSEENTENN [o-oco [1.100 [-0.000 [0.000 [1.000  J-0.000deg |
SINSBO1 Klystron Output Amplitude Live Klystron Output Phase Live BC1 BPM (Energy)
SINSB02 | °7 3 . T : 0% 3
SINSBO3 | 6 =100 3| N R
SINSBO4 | §°° | = 1 EE
MYE A 204 = E 3
SINXBO1 |E g s o4
gn.a E = 50 S E__ ] %_0_2 E A hadl A
Bunchl Bunch2 023 2100 - e | "l L i
BC1 BCM (SINBC02-DBCMA410): 013 N B | e
o2 -200 =} 0.6 -
ohk 150.854  W20.667 | | ) e
CHZ_ _ 0 2 4 [ 8 10 o 2 4 [ 8 10 0 10 2 M 40 S0 G0 TO

Time [us] Time [us] Iteration Mo.

BC1 BPM (SINBCO2-DBPM140):

BC1 BCM (Compression) DAC Step Ratio DAC Step Phase
S 0136 mm | -0.017 mm . — 14 50 3

v [ DN | oM 00 3 —
OI 159.925 pC W3.419pC | 120 3 MOt 0L, PYEE igg' o
= 100 5 Eor g & E /
; . E E 20
Setting Progress: 80 3 o063 £
[ | e @5 3 g
Start | Stop | a0 3 0.4 @ 03
20 3 LERE 10 3
o / e T T e e e e ey T T e
Re-init DAC Step | 0 10 20 30 40 50 60 70 0 10 20 3 40 S0 60 70 0 10 20 30 40 S0 60 70
lteration No Iteration No Iteration Na

Store B1 Opt. Delay |

Set Original Delay |

Set 28ns Earlier Delay |

After shifting the RF delay earlier by 28 ns, the step ratio and phase are optimized iteratively to restore
the bunchl energy and compression at BC1. This equalizes the injector acceleration voltage and phase
felt by both bunches.

Tuning with two independent integral feedback loops: step ratio => energy; step phase => compression.
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“(-[=}~ 4-3Linacl Setup with Bunchl by shifting RF Delay

RTBO_Setup linacI.ui(on sf-Ic6a-64-01) M[=IES
—Parameters Station Amp-Ste) Pha-Step Applied B1-Opt.-Dly Cur.-Fine-Dly Amp-Step-Lmt (L/H) Pha-Step-Lmt (L/H) Cur.-Amp-Step Cur.-Pha-Step
p-Step o App pt.-Dly
teration Num.: + - 2200 | s10c301 ¢ Enable @ Enable () [ENNSEEN EEEENENN [0oco (1200  [4o000  [30.000  |NEENN SRR
A ATAATATATS
S10ca02 [ Enable ¢ Enable () NSNS [ENSNENN (000 [1z00  [<ooo  [s0.000  [EEEENN SRR
Step Ratio Gain: |0.0100
i S10Ca03 (6 Enable 3 Enable () NSNS [EENENN (0000 [1z00 (<0000 (0000 | EEEENN NN
e 510C04 € Enable (% Enable () [NEENEN [EEENENN 0000 [1200  [@ocoo  [0000  [EEEENNNN EERNSINER
Si0ce0s @ Enable @ Enable () NN WNNENENN 0000 [1200  [<oo0 (30000  EEENN NEREEEN
Bunchl  Bunch?  iocans | Enable [ Enable () [NESNEN [NERNENN 0500 [1200  [<0000 (30000 [EEERENN EESEREE
BC2 CDR (S10MAQ1-DCDROBO):
‘ S 5100507 Enable %Enable (D) [NEENEN NUENENN (000 [1zo0  [<ocoo  [30.000  [EEEEN SRR
S10CE0E [ Enable (% Enable 0.000 1.200 -40.000 30.000 [0.930 §-27.576 deg]
T —_— (@R 0224 us J0.2240s ] I [ I
B 510CB09 Enable Enable 0.000 1.200 -40.000 30.000
x:
8 _ _ Klystron Output Amplitude Live Klystron Output Phase Live BC2 BPM (Energy|
[l 160233 pC_J§3.791pC | e "
O' a8 B 200 . 0.4
07 JH------ — 150 1
S8 _§' 100 | 023
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LLRF Two-bunch Operation -
Setup Linacl with BC2
Energy & CDR

After shifting the RF delay earlier by 28 ns, the step ratio and phase are optimized iteratively to restore
the bunchl energy and compression at BC2. This equalizes the Linacl acceleration voltage and phase
felt by both bunches.

Tuning with two independent integral feedback loops: step ratio => energy; step phase => compression.
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Regulation of the second Bunch
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= Overview of Bunch2 Regulation

O After successfully transmitted, the fine tuning of bunch2 can refer to its diagnostics.

O The algorithm is similar as the one used for the initial setup described before: implement
independent or coupled (MIMO) feedback loops to regulate the beam parameters by
acting on the RF pulse step ratio and phase.

RTBO Tune injector.ui
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215} Summary and Outlook

Intensive study and test have been carried out to reach a solution for two-bunch
operation for the RF system:

= Initial RF setup for a successful transmission of bunch2;
Run since April 2019 with two-bunch RF waveforms.

= Fine tuning tool of bunch2 with the bunch2 diagnostics.

The RF gun initial setup procedure together with the laser timing optimization of two
laser systems is still not optimal and requires more iterations to define a robust
procedure.

More experience will be collected when optimizing the second bunch in the future and
the LLRF tools will be improved continuously.

=  Establish permanent two-bunch operation as soon the Athos beamline installation
IS ready.
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Thank you for your
attention!
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S

Accelerate two Bunches in a RF Pulse

SwissFEL RF system parameters:

Cavity / Structure | Frequency | Time Constant or
(MHz) Filling Time (ns)

RF Gun Cavity 2998.8 480

S-band Structure |2998.8 910

C-band Structure | 5712 320

X-band Structure |11995.2 100

Power T1

From RF Power
Source

n

T2

Athos  Aramis
Microbunches ‘ ‘
—> Time .
€ 3
28 ns

To RF Load T

-

Electric Field
Strength

Location

Cavity / structure Voltage Ramping

o 17
5,
)
S 05t RF gun ||
a3 S-band
S C-band
< X-band
O 1 1 1 1
0 200 400 600 800 1000
Time [ns]

%a4vity | structure Voltage Ramping (zoom in)

RF gun
S-band
C-band
X-band

03¢

Amplitude [arb]
o
N

. I . \
0 5 10 15 20 25 30
Time [ns]

Amplitude and phase changes in 28 ns:

= Gun: 5.6 %, 3.2 degS
= S-band: 3.1 %, 1.8 degS
» C-band: 8.7 %, 5.0 degC
= X-band: 28 %, 16 degX

= Tune the second bunch with the 28 ns RF pulse after bunchl is possible.

= Practically, the tuning range is much smaller!
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RF Field Difference for two Bunches: S-band

L~
Acc. Voltage
05 T T T T - |
Drive amplitude
04l Bunch1 acc. voltage
o) Bunch2 acc. voltage
[
o 03
©
2
5 0.2
S
<
0.1
0 | M
3.5 4 4.5 5 5.5 6.5
Time [us]
Acc. Voltage (zoom in)
0.42 . — :
o 0.415
S,
S
=
€ Drive amplitude
< 0.405 1 Bunch1 acc. voltage | °
Bunch2 acc. voltage
0.4 ! — — —Beaminj. time !
4.6 4.65 4.7 4.75 4.8 4.85 4.9

Time [us]

200

100

Phase [deg]
o

Beam Phase

| Drive phase
-100 Bunch1 beam phase
Bunch2 beam phase
-200 : : : '
3.5 4 4.5 5 5.5 6 6.5
Time [us]
Beam Phase (zoom in)
157 . —
N
|
156.5 | o
?” i
o)
k=
o 1561 |
n
® | :
= Drive phase
1555 | Bunch1 beam phase
: Bunch2 beam phase
| — — —Beaminj. time
155 : : ' = '
4.6 4.65 4.7 4.75 4.8 4.85 4.9

Time [us]

= Around current working point of injector S-band stations, the amplitude and

phase differences for the two bunches are about 0.03 % and 0.3 degree.
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Amplitude [arb]

Amplitude [arb]
o
N

©
—_—

weasawe - RE Field Difference for two Bunches: X-band

S

Acc. Voltage

1

©
~

Drive amplitude
Bunch1 acc. voltage
Bunch2 acc. voltage

o
w
T

1.4 1.5 1.6 1.7 1.8 1.9 2
Time [us]

200

Phase [deg]

-100

-200

Acc. Voltage (zoom in)
[ Drive amplitude

Bunch1 acc. voltage
Bunch2 acc. voltage

0.32

©
w
—
o

— — —Beam inj. time
0.31
0.305
0.3 < '
1.6 1.65 1.7 1.75

Time [us]

Phase [deg]

Beam Phase

100 1

o

s

Drive phase
Bunch1 beam phase
Bunch2 beam phase

1.4 1.5 1.6

1.7 1.8 1.9 2

Time [us]

-45

)
o

()}
()]

Beam Phase (zoom in)

Drive phase |
Bunch1 beam phase
Bunch2 beam phase

— — —Beaminj. time

-60 '
1.6 1.65

1.7 1.75

Time [us]

= Around current working point of SINXBO1, the amplitude and phase
differences between the two bunches are about 0.4 % and 1.1 degree.
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-]} otability of the Regulation Loop

Bunch2
Energy Error
Bunch2 Energy Ac;:umulatlon ;tetp
Set Point + Di ‘ LY Transfer alio > Accelerator > Bunch2 Energy
iscrete ) . :
Section (Injector
Bunch? Integrator o | Matrix | step S| o Liflacjl) , Bunch2
. - N NVErsion [ phase Compression
Compression .
i Bunch2 Compression 2
Set Point :
Error Accumulation
O In the current implementation, the “Transfer Matrix Vector generated

Inversion” was assigned to 1. We have assumed the
step ratio dominates the bunch2 energy while the
step phase dominates the bunch2 compression. Not
always true! A real transfer matrix will be measured.

O The RF pulse step phase should not be larger than 90
degree, or the transfer relation between step phase to
beam parameter flips its sign — the loop becomes

by the 28-ns step

&

Common
vector for
both bunches

unstable. Step phase:

Q Practically, the step phase should not be over around IS_arglelr
40 degree. A large phase jump results in a high ”:? ir i |
frequency transient that may trigger reflection Overall phase change:
interlocks. = Larger

= Smaller
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